Background. The study aim was to determine the incidence and analyze risk factors of IVH stage 3 and 4 in infants born before 26 weeks of gestation.
Intraventricular hemorrhage (IVH) is the most common form of bleeding into the central nervous system in neonates and its occurrence is significantly increased in the group of very low birth weight (VLBW) preterm neonates born before the 32 nd week of gestation. The frequency of the IVH in preterm infants born between the 23 rd and 26 th week of gestation is 20-30%. 1 The factors taken into account in the pathogenesis of IVH include impaired ability for autoregulation of cerebral blood flow with fluctuating cerebral blood flow (related to fluctuating arterial blood pressure), periodically with increased arterial blood pressure (e.g., due to hypercarbia, excess volume expansion) and increased cerebral venous pressure (e.g., with pneumothorax, asphyxial heart failure) and in combination with immature, fragile blood vessels within the germinal matrix tissue leading to hemorrhage into the ventricular system. 2 About 90% cases of the IVH take place within the first 3 days of life and 20-40% of the IVH cases become more extended over the first week of life. In cases of grade 1 and 2, the clinical effects directly after the IVH and long-term effects are not noticed. In grade 3 or 4, we may observe an abrupt deterioration in the clinical condition, consciousness disorders, seizures and certain neurological symptoms which include decreased spontaneous movement and muscle tone disturbances. In 60% of premature infants suffering from IVH stage 3 and 4, cognitive disabilities such as cerebral palsy and mental retardation incur. 3 
Material and methods

Study population
One hundred-ten neonates born between the 23 rd Table 1 .
More mature newborns (older than 23-26 weeks of gestational age) were not included in this study. Also, neonates from multiple pregnancies, pregnancies in which one of the fetuses died, infants with chromosomal aberrations and TORCH infection were not taken into account. The retrospective analysis is the limitations of the study.
Diagnosis of intraventricular hemorrhage
The diagnostics of intraventricular hemorrhage were performed with neonatal cranial ultrasonography. The examination was carried out at least 3 times, according to the guidelines of the American Academy of Neurology in the 3 rd and 7 th day of life, and once more just before being discharged from the hospital. The stages of hemorrhages were categorized according to Papile IVH classification: grade 1 (hemorrhage to the periventricular germinal matrix), grade 2 (hemorrhage to the ventricular system without dilatation of the ventricles), grade 3 (hemorrhage to the ventricular system with dilatation of the ventricles) and grade 4 (intraparenchymal echodensity represents periventricular hemorrhagic infarction).
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Risk factors
The aim of the study was to examine the influence of the following factors: gender; gestational age (GA, weeks); birth weight (BW, grams); antenatal steroid therapy (AST, betamethasone 12 mg intramuscularly every 24 h for 2 doses); small for gestational age (SGA, defined as birth weight under the 3 rd percentile); type of delivery (vaginal birth vs. cesarean section); delivery outside tertiary referral hospitals, birth asphyxia (defined as APGAR score less than 6 at 10 min and pH < 7.0 or blood base excess (BE) < -15 mmoL/L in cord blood); intrauterine infection (defined as positive culture in a sterile environment originally accompanied by clinical symptoms); therapy in the first 7 days of life with crystalloids (bolus 10-15 mL/kg) and/or catecholamines of hypotension (defined as mean blood pressure below value corresponding to neonate's gestational age), treatment of the acidosis with NaH-CO3 (when blood pH was below 7.2 and/or BE less than -10 mmoL/L); blood coagulation disorders (defined as prolonged prothrombin time (PT) below 65% and/or increased International Normal Ratio (INR) more than 1.5 and/or prolonged activated partial thromboplastin time (APTT) more than 45 s in accordance with the reference values for the local laboratory); thrombocytopenia (defined as platelet count less than 100,000 per microliter of blood); type of respiratory support (invasive vs. noninvasive) on developing IVH.
Statistical analysis
A chi-square test with or without Yates' correction was applied to compare dichotomous variables, where appropriate. The odds ratio (OR) and 95% confidence intervals (95% CI) were calculated. Unconditional logistic regression analysis was used to adjust for the effect of confounders such as gender, GA, BW, AST, intrauterine hypotrophy, outborn patients, birth asphyxia, intrauterine infection, hypotension, acidosis, blood coagulation disorders, thrombocytopenia or respiratory ventilation (invasive vs. non-invasive). A p value below 0.05 was judged to be statistically significant.
The aforementioned statistical calculations were performed using CytelStudio v. 
Results
The characteristics of the analyzed risk factors are shown in Table 2 .
Statistical analysis demonstrated a significant differ- 
Discussion
The analysis of risk factors based on neonates born from the 23 rd to 26 th week of gestation in the Department of Neonatology, Poznan University of Medical Sciences, confirmed that hypotension and lack of AST are important risk factors of IVH.
Neonatal hypotension is defined as a mean blood pressure lower than the value of the child's gestational age. However the definition of hypotension in VLBW infants is controversial. The management of circulation and blood pressure in very preterm infants varies among neonatal intensive care units. In our unit, hypotension was defined as mean blood pressure below the value corresponding to the neonate's gestational age. 83 of 110 (75.45%) neonates from our study were subjected to a catecholamine therapy, and the most frequently used form of treatment was administrating dopamine in combination with dobutamine.
The association between postnatal hypotension in VLBW infants and short-and long-term outcome is controversial. In our study group, treatment involving administrating catecholamines doubled the risk of appearance of IVH stage 3 and 4. Catecholamine therapy 5 The control group consisted of 153 neonates. In all three analyzed age groups (< 30 weeks, 30-34 weeks, 35-37 weeks), similarly to our findings, negative effects of hypotension treatment on IVH occurrence were reported.
Likewise, American post-hoc research of hypotension treatment of extremely preterm infants (23-25 weeks) showed negative effects of such therapy. 6 Catecholamine therapy is listed there as a risk factor for IVH and periventricular leukomalacia. The examined infants were observed to have a lower survival rate and a growing tendency to develop later disorders, such as hearing impairment and cerebral palsy, than infants without hypotension or infants with untreated hypotension. The results of our research are important, because they advise caution while administrating catecholamine treatment to extremely preterm neonates. It is crucial to compare the possible benefits with potential risks.
The results of the research programs conducted are contradictory. Chinese (Rong et al.) and Israeli (Auerbach et al.) studies concerning the influence of hyperglycemia and other risk factors of IVH, confirmed that hypotension itself, due to hemodynamic distortion, is the risk factor for IVH occurring, even that of higher stages. 5, 7 However, other studies show that untreated hypotension does not worsen prognosis for the patient. American research of hypotension therapy shows that the later development of infants who didn't undergo hypotension treatment was comparable with the development of children who were not diagnosed with hypotension. 6 On the other hand, children who underwent catecholamine therapy statistically fared less well.
In their research on untreated hypotension conducted on a group of 66 premature infants born in the 28 th week of gestation, Alderliesten et al. did not find any link between neurological disorders and hypotension itself (there was no confirmation of decreased regional cerebral oxygenation and lowered stage of neurological development). 8 Some of the studies go as far as suggesting the pointlessness of anti-hypotension treatment -Batton et al. in their other research compared the blood pressure of 164 untreated premature infants -135 treated with intravenous fluid therapy and 92 treated with dopamine. This research did not prove any significant difference in the rise of blood pressure within the first 24 h of life for both treated and untreated neonates. 9 Faust et al. evaluated the lowest mean arterial blood pressure during the first 24 h of life (miniMAP24) in VLBW infants and its association with short-term outcome. The retrospective analysis of 4907 VLBW infants confirmed that in infants below 29 weeks of gestation, the lowest mean arterial blood pressure during the 24 h was 1-2 mm Hg below the value of gestational age and hypotension defined as miniMAP24 lower than the median value of all patients of the same gestational age was associated with higher mortality and IVH rates. Moreover, infants treated with inotropes during the first 24 h of life had a higher risk for IVH. The rates of IVH in newborns with miniMAP24 in the lowest quartile for gestational age were higher in comparison to those with mini-MAP24 > 25 th percentile. MiniMAP24 was a significant predictor for IVH in infants that were not treated with inotropes on the first day of life. 10 It is difficult to establish the appropriate criteria of initiating catecholamine treatment. One of the most popular criteria is a fall of blood pressure 5 mm Hg less than the correct level and the presence of at least 2 indicators of hypoperfusion, such as average blood pressure lowered by 3 mm Hg, lactate > 4 mmoL/L or capillary refill time > 4 s. 11 In their other research, Batton et al. initiated hypotension treatment on 203 neonates born between the 23 rd and 26 th week of gestation, based on 15 different definitions of hypotension. In all treated groups, a higher risk of IVH occurring and lower survival rate were observed. Independently from the moment of administration, catecholamines caused a higher risk of the occurrence of the aforementioned complications. 12 It is also worth taking into consideration the introduction of therapies alternative to catecholamine therapy. Ibrahim et al. compared and analyzed the outcomes of 4 independent studies conducted on a group of 123 premature infants, concerning the introduction of steroidal therapy as an alternative to the use of dopamine as a firstline medication, and a treatment of hypotension resistant to catecholamine therapy. 13 According to that research, hydrocortisone was as effective a first-line medication as dopamine. Additionally, compared to a placebo, hydrocortisone did not statistically affect the risk of IVH occurring and did not increased mortality rate, which probably makes it a safer alternative to catecholamines. Currently, the permissive hypotension in preterm infants should be taken into consideration. A numerical blood pressure value lower than gestational age should not be used as the only indicator for treating early-period hypotension in VLBW. Administrating hypotension treatment should be based on the clinical condition of patients.
14 Hypotension therapy should be carefully thought out, keeping in mind the fact that there is increased risk of the adverse shortterm and long-term outcome (neuro-developmental impairment). 15, 16 AST is administered to women in case of prediction of preterm delivery and aims to accelerate fetal lung maturation and therefore reduce the incidence and severity of respiratory distress syndrome (RDS). Moreover, a lot of studies agreeably show that it reduces overall neonatal mortality (RR 0.69; 95% CI 0.58-0.81). It is also conducive to circulatory stability in preterm neonates, resulting in lower rates of cerebro-ventricular hemorrhage (RR 0.54; 95% CI 0.43-0.69), necrotizing enterocolitis (RR 0.46; 95% CI 0.29-0.74), and systemic infections in the first 48 hours of life (RR 0.56; 95% CI 0.38-0.85). 17 In the analyzed population of newborns without AST, the risk of IVH stage 3 and 4 increased. 18 A Japanese retrospective analysis of 11,607 infants born in the 22 nd to 33 rd week of gestation revealed that AST exposure was associated with a significant decrease in mortality of preterm infants born in the 22 nd to 23 rd week of gestation. Moreover, AST treatment was extremely effective at decreasing both IVH and severe IVH in preterm infants at the gestational age of 24 to 29 weeks, however not in infants born at < 24 th week of gestation. 19 Carlo et al. 20 included 10,541 newborns with body weight between 401 g and 1000 g and who were born in the 22 nd to 25 th week of gestation at 23 academic perinatal centers in the United States. Infants were categorized as having been exposed to AST if their mother received 1 or more doses of dexamethasone or betamethasone, or not exposed if their mother did not receive AST. Of the 5691 infants born between 1993 and 2008 who survived to 18 to 22 months, 4924 (86.5%) had neuro-developmental assessments performed by certified examiners who were unaware of exposure to antenatal corticosteroids. Death or neuro-developmental impairment at 18 to 22 months was significantly lower for infants who had been exposed to AST nd week of gestation, the only outcome that occurred significantly less was death and necrotizing enterocolitis. 20 If we set together recommendations of AST and the results of the latest research, we can draw the conclusion that AST should be used. Is seems to be reasonable to lower the lower limit of AST administration and establish it at the 23 th week of pregnancy. The multiplicity of evidence on the benefits which arise from AST suggest that it is very important to respect the recommendations and administer AST routinely if only it is indicated.
It should be remembered that AST was performed in 63.6% of women in our study. In 24.1%, contraindication for AST administration (chorioamnionitis) was diagnosed. In other cases, AST was not given due to urgent cesarean section (preterm placental abruption; 27.6%) or a lack of adequate maternity care (48.3%). It should be noted that AST was administered in 42.8% of infants born in the 23 rd week of gestation and it was performed beyond contemporary Polish recommendations.
Lack of or incomplete antenatal steroid therapy increases the probability of development of severe intraventricular hemorrhage. Hypotension therapy with catecholamines should be carefully thought out, keeping in mind the increased risk of intraventricular hemorrhage. The use of appropriate prophylaxis of perinatal complications (antenatal steroid therapy for women at risk of preterm birth, limiting the indications for the use of catecholamines for hypotension treatment) significantly reduces the incidence of intraventricular hemorrhage stage 3 and 4. The significance of intraventricular hemorrhage creates a need to carry out periodical analysis, at the regional level, concerning its incidence, causes and effects to improve local treatment outcomes by identifying further courses of action.
